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UNCERTAINTY IN DATABASE 

- LACK OF FIXED DATA IN DATABASE 

- LACK OF TRAFFIC MODELING 
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THIS SUBTASK IS ALSO SUMMARIZED IN EM-1 
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VENTING SFHT MUST BE CAPABLE OF SUPPORTING SAFE VENTING REQUIRE- SAFETY AND 

MENTS DURING ALL MISSION PHASES. ALL VENTING MUST BE MISSION 

NON-HAZARDOUS, NON-CONTAMINATING, AND NON-DESTRUCTIVE. SUCCESS 






FREE FLYERS FROM SPACE SHUTTLE 
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10,000 L DEWAR AT SPACE STATION 



• Volume of Helium Contained in Each 10000 1 SFHT (Option 1) for the Full Complement of Users 





SFHT (Option 2) for the Full Complement of Users 
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EM-1 USER REQUIREMENTS 
AND DESIGN GOALS (CONT) 
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The SHOOT experiment utilizes existing 3/4 inch 
emergency vent lines and is allowed to vent within 
the Orbiter bay 


ORBITER VENT LINES (CONTINUED) 
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EM-2 PROPOSED 
ORBITER VENT LINES 
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40 OUT OF 44 SERVICING EVENTS REQUIRE LESS THAN 
5000 LITERS TO BE SUPPLIED 












TRANSPORTATION COST 
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This figure shows the candidate systems packaged in the shuttle 

BAY ON THEIR CRADLES. 

One of the principle criteria was THE TRANSPORTATION costs which, 
AS will be shown, are driven by occupied shuttle bay length. 
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A FINAL DEFENSIBLE SELECTION OF TANKER SIZE AND SHAPE REQUIRES FIRM 
MISSIONS WITH AN EXTENSIVE "TRAFFIC STUDY" 
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The material used for the FEP is a 1 Ferro ceramic plug. 
Bath temperature studied ranges from 1.6-1.8K. 
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SCENARIO 1 EFFECT OF FEP 
HEATER POWER ON TRANSFER (VS VS TIME) 







X 

a 

H- 

UJ 

< 

UJ 

00 

o 


X 

UJ 

UJ 

X 

H 

o 


H- 

O 

z 

CO 

Q 


z 

a: 

UJ 

UJ 

o 


_j 

-J 


_J 



> 

1- 

CO 

CO . 


o 

Q 

UJ 

UJ 

^ H- 

H* 

nuu 

UJ 

I ■ 

_J 

w a. 

0. 

X 

X 

o 

o 

a - 

UJ° 

x°° 

UJ^. 

V- ^ 

^rH 

1 

K00 
O * 
ZH 

< _ 
CZ ^ 

^ a: 

Z 

< X 

o o 
a: 

x K 

i ll* 

< UJ 

-J 

UJ T 

zi w 

fY 


U-“ 

CO UJ 

K 

Z a: 

1— <c 

^ ° 

z a: 

S LL 

UJ UJ 

o uj 

> CL 

CD 

1 X 

UJ 

O UJ 

z v- 

x^< 

o 

o 


I 
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SCENARIO 2 

SUPPLY TANK VOLUME VS TIME 
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VENTED HELIUM VS TIME 
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SCENARIO 4 

SUPPLY TANK VOLUME VS TIME 
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SCENARIO 4 

DOWNSTREAM FEP TEMPERATURE VS TIME 
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RECEIVER TANK TEMPERATURE VS TIME 
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UTILIZED FOR A WIDE RANGE OF CONDITIONS. 
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50 X 250 MESH SCREEN CAPIELARY CAPABILITY IS 0.2818 g Q -CM. THEREFORE THE 
SCREEN MAXIMUM ALLOWABLE LOSS IS 0.2396 g Q -CM @ 500 L/h AND 0.2039 ,; o **CM 
@ 1000 L/h. 
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USED PERFORMANCE CURVE FOR BRITISH AEROSPACE 
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The heat map for the 3 VCS system during orbital operation 
SHOWS A TOTAL HEAT LEAK OF 167 MW TO THE HE-II/ WHICH IS A 
2.68%/month boiloff. 
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PLUMBING AND OPERATIONS 



The sequence of events shown is to illustrate a possible operations 

SCENARIO. IT IS NOT INTENDED TO BE A TIMELINE, MORE AN EXAMPLE OF 
HOW THE PROPOSED SYSTEM MIGHT BE USED. KEY POINTS OF THIS SEQUENCE 
ARE THAT ONCE THE HE- 1 1 SYSTEM IS FILLED NO FURTHER OPERATIONS ARE 
REQUIRED EXCEPT PERIODIC TOP OFFS OF THE NBP GUARD TANK. 
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ORBITAL TRANSFER WITHOUT VENTFNG 


— UJ I I 


LL O JLU O 
OZ JOh 


lu a: M 


Zj zo 

j c/)< Q 

< ^ 1 
z; lu .j 
L_ u. . O 
^ co a: O 
z z < o 

~£ 5 o 

° KQ 8 
^ X ^ 0 

£ 5 ol U. 
g<|o 

H 2 W 0 

£lU m ~ 

2 -hrH 

co ± < 
uj ^ m 

00 Q -j 

l|p 

rv Q- ^ 


UJ 
I— 00 

JD 

3 

00 O 

s* 

£i 

!£o 

=s 

< 


S ° S 

O CO o 
0-_) ' 
«r o. 

o z 

UlQ P 
LU I O- 
Z 

O “ 

UJ§ UJ 

x u - 

JZ ^ co 

- z 

to x ^ 

lU. CT 


a: 


UJ 


2: < 

LU Z 

cd ~ 


00 


UJ 

X 


3 

CO> 


aW 


Sg 


><* 

s! = 

a. ►“ 

3 

CO * 

> 

UJ — > 

iSt 

■ ^o 


_ • a 

_J UJ LU 
UJ CL 
U. 

Ekq 


x 

cd 


UJ 15 X 


3s * X 
-J 


o- ? 


Q£ U. 


Ifl I Un 

GSsS 


Z 

0° 

UJ . 


23 <uj h- 

Q to x ~ 
z w~to 

to . o uj 

x ^ 03 

<_> 

£ 2 * 

UJ > CL 

x . 2 

o 2 cr 3 
CO LJ UJ Q. 
h~ ^ 

111 CO Z I 

X >- < < 
H- COH CD 


3 (T 

ts 

Q<=> 

z 

o co 

cd — 

X 

-I 

x o 
uj _ 
a. -« 
o a 
cr 3 
a. a 


x _i 
< 
uj x 

CO UJ 

3 > 

< Q ^ 

3 

giS 

£5 o O 
o X LU 

is 01 

a. ^ o 
oc _, x 

l^o 

s^i 

UJ ^ X 
X < UJ 
H-ZH 
a: to 
U- LU >" ‘ 

O v- oo; 


2 UJ < > 




O o 


o z 

~ LU 

H- > 


_ CL 
-J<£ x 

Q£ CO 
LU • 

u. 2: Q 

CO UJ X 
Z H- 3 
< CO O 

co a: 
h- co<D 


J — COUJ \ 
cr x 3 X co 


O 


1 h- X Q 

< 

— cr 


3 3 

X 

UJ < Q 

z 

u. c 

CO 

Oh 1— 

=c a X < 

O rv: 

-J 

z 

— z 


£ CD 

1 1 1 

UJ 

0 

U_ UJ 


yvuz 


H- < 

•— * 

z > 

• 

zEs- 

< £ 

< 

I— 

0 

X 

c 

z 2; 

cr lu 

< 

<D UJ 

z 

H- UJ CO 


< cr 

X 

X 

< 

2 > uj 2 m 

Q -3 

UJ 

h“ H* 

h- 

UJ 3 — CD 


LU 3 

X 

Z 


x — H- ~ 


co 0 

0 

UJ X UJ 

| J < H- 

r 1 1 UJ 

LU 


CO CD 

X 

UJ Z CD 

X < rr 

z 

UJ 3 

h- 

jia< 

Z 1 - 


3: 

X O 



UJ 


CO 

— X 
Q UJ 


X — 3 

UJ I- X O 

X H-X 


O 

O 


0. ^ — CD 

xS X z 

H- 3 UJ — ' 

^UJ _jg< 
uj x to 

<§-^° 
«t u- UJ g UJ 

> x o ^ 

< Z *“ < > 

to ' u. 00 
— UJ c UJ 
X 03 _ . 
S,z — 
UJ»OZ I 
UJ 

to - 1 1- UI 

> U. u 

CO _ UJ , 


t- 


o 


to ! 


UJ 


Z X 
^ =>, UJ I- 

£o* q z 

^*3gu. 

= 5^0 • 

* O z 2 

UJ 5 UJ 0 3 

x x -j r£ 

K UJ K 5 < 

C£ g X — 

£<g^O x 

doa - U - 

u> x 

UJ < t- < guj 

5 ^fe-§ 

Q 3 O 2o 
Z Ol O LU 2 

2 o 5 x > x 
Oo < U o 
cr _j lu o 
e? Qi^u 

^ z u , < 

-j O < Q 

< — * wzO 


X c 


CO 

-J 

0- 

X 

o 

CD 

CD 

< 


X < 
CD f 


!_ t_ ^ 

UJ 


»— i LU 


3 X 


QZ^^ZQ. 
•« OS ?x — 
— O °- O X 

z h- _i a O 

<C < U- < CD UJ 


I 


I 


I? 


PLUMBING AND OPERATIONS 





LU 

X 


VO 


t 


SFHT ^ plumbing and operations 


ORIGINAL PAGE IS 
OF POOR QUALITY 



• I WU P *1 UfiRiWlJ HW *•» I It 

. I w uniw 



CO I oz 
— cc zo 

iti i^fi 

I— 0 - rsjh- 

zx 

UJ co 0 ! O 

> 3 5 

0^0 
n ucoo 
CO UJ 
Zllj « _J 

xS^S 

^i 5 i= 

xw w~ 

2 CO 00 O 

lli cr 

o CO LJJ 

•yr n *""* Q- 

= 1=3 
cr LL*”“ co 
ID -I 

Q LU UJ 

CO -X 

F H- 


0 

1 

o 


01 

UJ 

O 


CQ 

01 

o • 

<o 

H- 

co 
<3 > 
z CO 


OO 


U 


uZ 1- 3 ^ UJ UJ 
IT Q i UJ 

Quj-'uj g 

S s O u >*< 
ool:z j 5 

U _i^o UJ 5 
_J Q- K X 

^<0 < 

X ^-» ■ 3 Q 

I— CO /v CO O 
~ £ 0 ! UJ 3 

co r> Q ^ 

I£g§ <u - 

SSSsgS 

H* uj ^ 

(JUmU. cal 

~ X O Z O 

H- H- Z < ^ CO 

< O <-> < 

2 QUW _J 
LU Z UJ ^ UJ 
X < _j *! * 

O < <>h 

C^QUH^I 

uj-* ^ c 

CO CO J— UJ I 
— « O -* X UJ h- 
X _JQ 1 -* X - 
H UO HK 3 


Oj 




X 

O 

UJ 

> 

-J 

< 

> 


UJ 


UJ 

X 

ID 

CO 

00 . 

uj! 


‘ UJ 


uj O 


O — 
CO o 
CQ UJ 
< 00 


•UJ UJ 
h-x -J 
< CO 
CQ CO < 

a — ■ 

°UJ * 

X ^ 

zS > 

OSS 

iS “ 

s5 « 

x o 2: 

o a: ^ 

O. I- - 
UJ O- 2 UJ 
x< UJX 
>3 
CO CO 
Z — I UJ CO 

O x UJ 

UJ ? 0- 

Oq ' 

< Z, Kh 

Ju UJ Z 

CLU >< 

qUJH 

UJ Z 5^ 

< u xo 


^ < 
o 
%< 

<Q 

<o =} 
°"§ 
o 2 

J 2 
UJ 


UJ 


I co 
> 
r CO 

lx 

X •” 

s§ 

a. 5 


^ z 

UJ 
H CL 
<C O 


08 l 


» » 




PLUMBING AND OPERATIONS 


51 Z l _|Q| co O *0 UJQ 0 < QOl 
30 W J UJ- ujcoujV-Xuji— <Z 

r» < uj •— > > — co i— x Zn o — 

u w a .5 <ihjQ<q o — 0 _ji- 

< jr s ><x < Oyj < z 

> £ CO-CL> h - ^ -t- O V-UJ 

1 > < I — C 00£0 Ll1 * — uj 5 «< > 

UJCO 4 ® < - ) ' C 1 -^ LLl J Z< X O uj 

x >- UJOUJ^j- 0 ~ X UJ 
CwQZ -J M ah< — juj — i x 

•““'uj— uj£_i — z-ipr^i- 
_ h J fllSIiiJ. HJ 0 UJO <“ x 
U- 2 < uj cr* “ i 9 K CO 
0 ->u. 0(0 ^ h * UJ ** -ft 

2 ~ UJ h-C 05 ^ CO CO 

0 . J H- < Q ° - 


c JJQ 
< UJ UJ UJ 


o 


UJ 
CO CO 
ZUJ X 

UJO-Qh 


CO I 


< o x z > o 

21 *-“• GO O — J % 

ujZi>^< 

(j UJ H ^ ^ > UJ x 
^ O < Z UJ Ih^ 

>- 0 O - 2 ; > 

WxllXUJuju- ^ 
JOlljUJ atOr 

t- "£ <C_> ^1- 

i uj Sui!i 


^Jos 

UJ 


< X 
H- < 


O 

' 7 UJ 

> ^ iv Q uj co 
I- UJ 


U-M— ^ 

X CO X 3 Z a 

~ z o 
uj 3 : . 

CO . 

Z IL IO O 2 5; ' 

Ziu ® 

> O > Z ra u - 
< - JUJStO 


(OU»?c 3 


1-0 


rr uj -* 
!£ oe w 

CO 


< > 

— UJ r ~ > s 
Q lUJU.^ o U 

< j — UJC0 11 jJijJ^(-0 
^QcOOC^Q-x.^Z^v 

^UJ^UJLUSijjUJi— iSixlU 

II UJ ft h- UJ ^ 

X < p UJ O a X O 

>- ca<s> O 


X S 

LU 00 O 

• UJ H- 
UJ a a 
Z^ < < 

*— S LL. U_ 

-j 2 CC 


-CO 


CO 


x 

Q- 




2 (J Q 


u-z; 

^ CO . 

a o 

a co ;<J,_ 

i • i H- ^ co o UJ 

%^ 0 -ujd 


O CO 
h- X 

a. Qi a^ 
! uj 


UJ 

»” < 


CO 1 


UJ > >- 
a: uj -J 
• a: uj 


CO 

> 

CO 


. < 
> 


CO 


>- ^ 


Q 
UJ 

Ox 
o o 

1 1 1 I— CO Z UJ 

x* z<cr 

*-• 2 : q o o 

X X UJ r 1 ^ Ul 

o < X 00 

UJZu^U 


CO UJ 


O (O 


0 cc i 1 u. 3 : 1 - O < 
UJ o UJ— > m o ^ w 


*— < O < Q 

< -jS 

X ~ X G- 


y Q Q 


I 

UJ 


•— — r* X 

UJ ^ < M O^uJ^ < 

i* - 

0 ^ 5 aZ<^ 0 ^H 

Ul^CO ^ UJ CO •— 1 


a 

UJ 

o 

0 

a 

UJ 

x 


co 


UJ w CO 

Ss 2 ~ 

<0 5 - 

^ X to 


^ X 
uj O 

XujlL 


X X 


<=> 
S uj 


' u_ |_ 


H CO UJ 

_j < CQ 

r ‘£ 0 £ X a .£z>o< 

Si^ScnlSgxi^-JO^! 
? 5 <So q - uj c 0 > uj uj< u --J 0 

^U-ZO^XQ JZ>H >" • _ 

-J < OQ CD H-CO^O Uj ^ Z O 
J Jh; I— i>OZ— J Q X Q- I— |H 

*** J UJ < X -J 2 UJ »— QC H- I 
UJ UJ > CO CO UJ Z < UJ UJ 

OXX«-'CO>XCOCOXUJXO X\ X 
| — CO H- CO<COO*— •<!— >OH- H- 1 -H O 


UJ ui o 


X 

o 

UJ 

co 


X 

o 

CO 


< 

X 


<"'j 

co 


»-1 



</> 

z 

o 




PLUMBING & OPERA 




I •% 
CQ CO 

< Z 
V- O 
CO ' 
UJ »— 
< 
CO cr 
3 

o 

si 

ss 

cr 

^UJ 
o _j 

— CQ 
LL 

Z CO 
O CO 
O O 

Q_ 

z 00 

5 UJ 


CO 


CO CO I O 
3 - LUZ 

o cr ~ 
cr La z 
0,11 lu o 
a. oo »-* 


Z UJ 
ZCQ 

o 

ss 

<s> 

oZ 


^ujO u 
~ U- Z ID 

cq < r -j 

a cr tz ll 

oo z 

uj a > o 

x < 

I- a. > . 
co cq 

|uil“ 

gx<o 


% 

O UJ 
UJ z 

5° 

§£ 

< 5 

J S 

— . co 


cr ' co 

* = § 

UJ O z 

<Q^ 
CL Z 
CO 


UJ O 
CO — • 
h- 

s£ 

x s 

x u 

f— 

CO UJ 
>- X 
COH- 


< X o 

«— • CO 

a cr 

5 £§h- 

£sr» 

UJ < ? 


X < 

Sg 

•:< 


2* 

= § 

tug 

CQ 

O 

oz 

-I ~ 
3 H- 
O Z 
^ UJ 
> 


O 


UJ 5 
> ° 
CO 


a 

UJ 


UJ 

X . 

»- o 

UJ 
UJ X 
O CO 

o ~ 


§3 

<- 
Sg - 

QCX| , , 
~ Q. UJ 

tlj>o o 

x UJ 
UJ X UJ 


h- cq a 

» M 111 

x o co cr 

H 3(0 
~ -JO 3 
3 : 0 - 0 - o 


r:x 

fl3 h 

gui 

-I 
^ CQ 
CO . 

~ CO 
X CO 
*- O 
a. 

% 

Q CO 
UJ ■— 1 . 

'2=0 

, 5 t:s 

C9 

“uiD 
QC O 
CO UJ U 

— X o 



C Q CO UJ 0£LU * — I 
LLl l-X O t— t-_J 
Uh U_ < Z < 
CC UJ 
CL. > 


O UJ 
(— flQ 


°<£ 


UJ 


UJO 

“q Q£ ^ 

rr ^ Q w UJ U 

ow zSz^Si 
r u| 2 «> o s 

£8 til “uj 

-r f n ( 1 1 U UJ QC 

*“ a 2 t_ uj > uj ^ 
£uj ujO o£ a > cr 5 

ujxuJ^q: 

S 3 UJ Q£ t— 2 < 

o~ >£°- K £X 

O “ UJUJ < I- ^ 

<-> i < 2 > 

< UJ^UJ ^ ° 

X X ^ Q- . _ 

. h >< 5 i o 

CQ , Z D uj m 

So«< 5 <(/ 1 5 h 

0° LUUJ >1 X H ~ 
H Z< Jh 

UJ o os ? 

52 « uj o- 

>?S >£, 


1 -J < < 


* X 

' o 

3 C 


Q 
U.Q 
•- < 


c/> 1 


3§«sSp2s2> 

JO <1 (v^ *> t— 

§ . w 2 *uj-<-j 

i<<s-Juj~Eo£i£ 
r i! z ^ ^ o uj Q- o 
5 -So'- 5 x “=°2 
2 z X o = o „ 

'a^^g-lSSS 

2J2> 3 a52g“d 

<o"= aH j “5 

vj'Un rr uj 


VO 

CO 


II* 

D Z co 

m o M 

JU^I 

EW<H 


^SS<«S3«s:> 

3«j5oi I °- x *"* —> _ . 

ZO. ^ _J UJ CL 3 

JOUJZOO UO.O 
:aoz<ozh-uj3Li 
51— OOI— <-><•— OCCOCSC 


-- -l_ ^ UJ Z > 

jE&— Q S uj ° 
O CO 0£ ,, , 

g;“S°s 

5? cr 


Q 

UJ 


PLUMBING & OPERATIONS 




I UJ <0£ 
** — uj 




I UJ 

sx 

0 1 - 

O ' 

o K << 

<o?»- 

UJ cc UJ 
CQ iS <£X 
^ ^ H- 

>z° 

<<!«• 

£h«l 

QC 

CO UJ O IL 

X z 

UJum. 

Il_ ^ . o 


CO 


CO 


LU 


UJ 


Qd 

Od 

UJ 


r CO 

UJ z: 

X 

±Ouja 

Z U- H- 
*-• CO 


>cr z 

-JUJ X 
CLU- O 
Q- CO X 
xz CO 

CO < 

X 
UJ t 

£<c 

> 

o ^ 

si J 

OH ~ 
2 CQ 

“SO 

o> °- 

v u" 


< 0 » 


ICO 


°Z< 
uj a: 

UJ >|— 
X 

°fe§ 


UJ < 

CO H 
CO 

z ~ 

< z 
o cd uj 
uj x 
« >H- 


o 

z 


z 

UJ 

> 


UJ 

rvl 


: uj 


a£§ 

>§ 2 

s g s 

. I— CO 


ox 

UJ O 
Qd -J 

LU > 

x 

> 




X UJ 

00 

X < 

H- CL 

X I- 
X 

LU 

Xuj 

£x 


L UJ 


zi 1 


o* • 

z cr 

• O LU 
O UJ > 
Z X ~ 
UJ CO LU 
CL — O 
UJ J UJ 

ca.tr 


< UJ 
X * Cd 

S£e 

cr uj a. 
«>S 

— 1 LU 
h- H- 
> X 
— j On- 
er x • 

— H— I 

< *— • LU 
LLXX 


0 > 
^ J 

< -J 
< 
UJ o 

< 
O X 
-J LU 
X X 

o o 

O CO 


CO 


C", 

t-S 


PLUMBING & OPERATIONS 



COUJ 
CC X 

1 » Ij— 

> 
t— « 

UJ . 

°x 

lUp 

CO 

% 

X _ 

Of 

<0 

X 

% oc 

UJ 

o > 

K- ' 
UJ 

cr ° 
uj uj 
ll cr 

CO 

Z OC 

< o 
cr 

»- a: 

UJ 

o z 

<£ 


UJCO 
X — 


CO 

ujS 

>x 

cr o 

UJr 

CO 

fj CO 

UJ 3 
CO 


1 UJ 
uj 5 - 
T P 


UJ 

> z 
~ X 
UJ o 
<-> X 
UJ CO 

a: 

„ u> 

5 < 

o 

o 

u. * ? 

°s<< 

riu^z 

^ < UJ 

£ u- x> 

r Oh 

< ^UJ 

X o = 3 ;x 

OZ-JH 

uj tr 
o z 
cr uj 

< > 


I O >UL 

' z 

X 

*8 
a: 5 
£uj 

CO 

a 

uj o 

rsiH- ■" 

1—1 UJ 

x 

M (-1 

CO < t- 


a 

UJ 

a.«- 

°5 

erg 

CL p 


ai 

UJ 

X 

5 g 

K- F 


. CO N-. 


Z O 
UJ UJ 
> <X 
(X 
- UJ 


CO 


H- < 
< X 
X K- 


UJ ^ 

> 

X 

XUJ 

o> 

-J ~ 

LL UJ 

o 

X UJ 

o oc 

H-l 

X UJ 
X 
UJ H- 
X 

UJ 

Zoo 
oo 

s®~ 

«s 

LL 2 3 z 

:°S®i 


CO 


O L 9 
UJ Z 
X £ 

3 UJ 
CO CO 
CO 

< 

CO 


u UJ ;* 
UJ O -T* ^ 
X -r~*~ »— « 


UJ 

O 

LU 

or 

UJ 

X 


UJ 


UJ 
LL CC 
O ~ 
3 
QC O 
UJ UJ 
LL CT 
CO 

z _J 

< -J 

cc — 

H- X 


°x 

It n 
cn O 0 o 
®zZ 


a: X 
Vi 


CO 


— > !z 

< CC CO Z 
2: LU < > — 
UJ CO H- 

X zo X z 
o < or x uj 
CO 1 - Q- X > 


cc 
a uj 

UJ cc 
Z X 
OK 
«— < 
H- cr 

• UJ 

o a. 
Z X 
O LU 
OK 


C 
< • 




2 


PLUMBING & OPERATIONS 



I 

! 


UJh XUJ h- 

xo lux < 

K Z hh X 
cn )— 

go 00 5 UJ 
1 1 X 

gig? 

h J 3 U_ 
Z< OQ O 
UJ _J 

Z 1 x 1 3 X 
UJ • xO »_ 

0C LU t-x o 

~ a 00 z 
“ UJ lx t-U . 
°I X o oO —I o 
1 UJ uj 


UJ 


<£> 


I- o 


Z Z< Z^ 

O o <£ 

Z X »- — 

-Wzs £_) 

\- UJ o X 

Z UJ > _i o> 
UJ qj u. Q£ 
> < UJ 

>UJ«> 

Q t < X “ UJ 

lux: xi- o" 
KU. C “ 

^ °° o <. Q Q 

E LU •"<* Z -) 
i±! UJ X X 

o E uj> oo 

JUK? 

m . aso 

UL — O ce 

UJ 0 00 X UJ X 

X ^ oo X O 

I- «£ O * 1-0 

Z 0. 1_ o 

<3 

> 5 x 

00 ° Q£ o 


CM 

€h 

■H 


UJ 


^X-ZQ 


"2 


• oo 


O QC o 
o z 


O Z UJ — 
— • Z _J UJ I— 
UJ X o — 2 : z 
X _J X X < UJ 

(— U- 07 Z OO > 


C-> 




z 

o 

4 

z 


193 



















CO * >- < . • 

-S _J toH- 
UJ Q-ro t-Z 
H-K ZUJ 

~co — **• uiS 
>• m >Q- 
coco 2 ujO 
C UJ < _J 
OHO nUJ 

s:~ <u- d> • 

HID C£ -t- UJ m 
H" -J < o q. Q z 
CO U_ a. o o 

>- uj ^ a ec — 

^co l-uj 

ujx < j <z o: 
Xt-^Px UJ 

H- 0 < CL 

„5 *” , UJUJ ° 

oi uj j 

U.I- Dai^^u. 
-DU° - 

z*s Q ° z 

SSegSoS 

o UJ CO H- UJ CO 
z x >- , < Q- 

OUJ (/) 7) K O O 
UH U -It- 
21 I— • L— UJ 
Q^I-I^UJ 2 > 21 
O I X S UJ UJ 

I^h '■fflUJ 
fZ h- Z X 

oguj^l? 

§*-«;: 5. 


H;uJ X 1 ”- 
lT > CO CO 


0 X V— 

-J <> CO 
< x >• 

UJ UJ CO 

O x > 
uj S ^ 

2=<z 
> co £ 

O ct ^ 

or . uj 


— . Z >- Q * <X COUJ 
I —-CD <0 U ~X 
UJ X O UJ uj * -1 ^ •— 
X ♦— UJ — cfiX I— H* 
~CO > — J ^ z 

UJ^ 3 <=> q KUJ 

x _ °- _jco fE 

K £o ow *"x 

g < U -^ui 3: ^g K 

oguiu.“ujo2u. 

D U"o Q t/)°W3 

-<<SUJ-J cod 

— I uj < _j ^ V- <— 1 

u. CO -j q UJ X 

UJ UJ ^ z Z X 

Ji;55 x i_ 0< z 

o x o ^ uj^ 

0 wZ=^2< 

ZbZI— Z <SyUJ 
-zzxco 

!= <£ Z-U.UJ z u 

<jj _ x uj t- 2 < 
t- 

<^-UJ ^ d ^ o CO 2 

UJTt^Z -o 

“uj ,5 J^“^UJ X Z 

1 ^ is S 

x£ -£o8 • , 

£ X) — uj < uj o UJ 

1 L— - . «w> / A 


’ (V WW 

Sj wo 


^ X a 
_ o < 
o O 

H- CO 

co ^ 

CO uj <-> 
£TN^ 
< X 

IU JO 


^OU-QO. M 
U LL QC Ou f- H* 

<^ (% O < < 3 ^ 

I— • — > > CO 


UJ ^ LU p UJ 

►"O > UJ iij z UJ ^ • 

O x -T- uj i_ uj q 

c^rr * 5 ^ E x <x uj 


N-* 3 3 UJ 

00 tl CO I CC° * CO LL UJ 

rsp'viss 0 * 

s>x<u.5_j i_ co 

^ 2 (/) n zz O 

^<Z-uj^O-dto 

>X< x tn — uj.o 

UJ lrt XL« Z Ot- Z J 

x~ 5 |=££ao-> 
h zd?^ X 

. Z Q X 

s^sisgsss 

_ i < ►" g x S CO J CO 
z «- n “uJ<-D2 
Xc0^O^5l5xc0UJ 

w < > M CO 

Z UJ > o o >- ^ >- 

O x < CQ z hc„,W 

O) — X Z CO < UJ a UJ 

OX X £ 00 k 

> O SZ < _ X 

X •«£Uj3—CO|_O lA j 

<— « OJO _J =J > 

2 - — J *— 1 ' uj X X 

— 1 >-XQai— «2a 

xuj<SZuj— ujXuj 

0- 1 X < > Z X t- 

| — UJ — UJ *— 
UJO li)X >- J U-> z cc 

x z xu_ <r o uj < — x 

1— c t— CO (Cl DS JO 


HIGH FLOW PRESSURE RELIEF VALVES AND THE IR„ DEVELOPMENT 
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CREW: EVA/ I VA 

GSE: GROUND LOADING AND HANDLING, TRANSPORTATION 



PASSIVE ORBITAL DISCONNECT SUPPORTS (PODS) 
1/A INCH THICK PLASTIC FOAM ON TANKS 
LIQUID MANAGEMENT SYSTEM 
CRYOSTAT COMPONENTS 
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OPERATIONAL SCENARIO 
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RATE 6 200 4 HR AND INCREASES IN STEPS 
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ASTRONAUT PROCEEDS TO AIRLOCK INGRESS (35 Min) 



PRE-LANDING PREPARATIONS COMPLETE 



IN HE-II FACILITY RESIDUALS ARE REMOVED AND THE TANKER IS 
PREPARED FOR STORAGE 

SFHT RELOADED INTO TRANSPORTER AND MOVED TO STORAGE 
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TANKER BASIC 



CREW AIDS ARE NOT SHOWN. 










5000 LITER CRYOSTAT 
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OMV/SPACE STATION SIA ADAPTER 
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>. Operations. Power & Maintenance 

1 . Provide elect . 1/F between SFHTJUser s/c and carrier 

(Orbiter. Space Station. OMV & ELV) per JSC 2100CMDO-STD Sec 7 

2. Min. 2-taflure tolerant for power to SFHT and User s/c 
and derive power from a 2-faihre tolerant source 








2 . Subsystem shall be capable of operation and check-out 
without Orbiter faclties 
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SFHT/STS PAYLOAD SAFETY REQUIREMENTS APPLICABILITY MATRIX 
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AFD MONITOR/ CONTROLLER 


SFHT PAYLOAD HAZARD REPORT 


NO. SFHT-D-02 


Payload: SFHT Phase: 0/0 

Subsystem: Hazard Group: Date: 1/20/89 

Dewars Collision, Explosion, Loss of entry 

capability. Temperature extremes 

Hazard Title: ~ ' 

Rupture of Cryogen Tank 

Applicable Safety Requirements: Hazard Category: 

NHB 1700. 7A, Sections 202.2,206,208.1,2,3,4, < X > Catastrophic 

214 < > Critical 

Description of Hazard: 

Rupture of the cryogen tank, leading to possible explosion and 
escape of liquid helium, with damage to STS equipment or other 
payloads . 

Hazard Causes: ~ ’ 1 

1. Overpressure due to inadequate venting capacity 

2. Overpressure due to closing of vent lines by incorrect valve 
placement. 

3 . Overpressure due to operator error of component failure 
resulting in air freezing in and blocking vent lines. 

4 . Overpressure due to excessive heat leak caused by electrical 
component failure. 

Hazard Controls: 

1.1 Design dewar to be insulated with closed cell foam. 

1.2 Provide two redundant vent paths, each capable of venting 
boiloff caused by worst case heat load to cryogen tank. 

2.1 Design vent lines to passively vent normal boiloff rates 
without the need to open motor-driven valves, i.e., use check 
valves for normal venting. 

2.2 Use passive overpressure protection (burst discs) to 
accomodate high rate (failure induced) flow rates. 

3.1 Establish procedures which safeguard against undesirable 
valve states. 

3.2 Leak check all line fittings after loads testing and before 
final fill. 

3.3 Ensure one of the two redundant (TBD) high-capacity vent 
paths is isolated from all other lines and valves. 

4.1 Design dewars, cryostats and electronics to minimize 
excessive heat input due to electrical component failure. 


i 



Safety Verification Methods: 


1.1.1 Verify capacity of high rate vent lines under guard vacuum 
loss (worst case) conditions through analysis and test of 
protoflight dewar. 

1.1.2 Verify that closed cell foamed tank reduces vent rates. 

2.1.1 Acceptance test all passive pressure relief devices. 

2.2.1 Demonstrate reliability of burst discs through random 
testing of flight burst discs under loads and at both ends 
of the operational temperature range. 

2.2.2 Demonstrate heat rate reductions due to closed cell foam 
under loss of vacuum conditions. 

3.1.1 Approval of procedures by program, carrier, user and STS 
safety organizations. 

3.2.2 Documentation of leak check results. 

3.3.1 Documentation of design and analysis. 

4.1.1 Analysis of the maximum heat inputs to the cryogen due to 
failure of electrical components. 

Status of Verification: ~~~ 

1.1.1 Open . . . 

1 . 1.2 ... 


Approval : 


Payload Org.: 



Phase 1 


Phase 2 


Phase 3 







Sfht 




< ) 
o 


BARBECUE MODE 



THERMAL CONTROL CONT. 



333 


Sfht 




HELIUM II GROUND LOADING 
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GROUND LOADING SEQUENCE 
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CREW RESPONSE IS REQUIRED IMMEDIATELY 



ALL CAUTION AND WARNING INDICATIONS ALONG WITH ANNUNCIATORS 
ARE LOCATED IN THE ORBITER AFD STANDARD SWITCH PANEL AREA 
0 A SIMILAR ARRANGEMENT IS REQUIRED AT SPACE STATION 
0 OMV AND ELV REQUIRE SEPARATE EXAMINATIONS 


TABLE 1- CAUTION AND WARNING (C&W) GROUND/LAUNCH OPERATIONS 
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DELAYED ACTION IS REQUIRED. 




TABLE 2 ON-ORBIT TRANSFER W/VENTING (RECEIVER NOT INCLUDED) 
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COMMONALITY OF THE SFHT WITH GENERIC SUBCRITICAL TANKERS HAS BEEN 
CLASSIFIED IN THREE CATEGORIES AS SHOWN ON THE FACING PAGE 




vacuum shell 
clocking system 
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